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The dynamics of new cell formation and dif-
ferentiation within the human sebaceous gland
has received little attention. The use of thymi-
dine-H2 has made possible the elucidation of
such information. This molecule is incorporated
into cells synthesizing DNA preparatory to
mitosis and can be demonstrated by radio-
autography. We have used this method to
examine cell renewal and differentiation in hu-
man sebaceous glands.
MATERIAL5 AND METHODs
Sebaceous glands were examined in 21 biopsy
specimens from 9 individuals. These men served
in previous investigations of epidermal cell re-
newal (1). Ten microcuries (jic) of thymidinc-H'
were injected intradermally into the scalp or upper
arm in the early afternoon. Four mm punch bi-
opsy specimens were secured at 40 minutes to 36
days after injection. In one experiment, the same
area was injected 4 weeks, 2 weeks, and 40 minutes
before removal. Specimens were fixed in buffered
neutral formalin and specimens prepared for
radioautography by the film dipping method (2,
3). Sections were stained by the Feulgen method
for DNA or with hematoxylin and eosin.
In each gland observed the number of la-
beled cells, total basal (germinative) cells, and
total lipid-containing (differentiating) cells were
counted. Care was taken not to count the same
cell twice. Cells near the periphery of the gland
lacking cytoplasmic vacuoles were counted as
germinative cells; those containing lipid droplets
were classified as differentiating cells. All glands
containing some labeled cells were counted. Cells
of the sebaeeous duct epithehum were considered
separately.
RE5ULT5
In the 40 minute specimens labeled nuclei
were arranged randomly around the perimeter
of the sebaceous gland in the germinative layer
(Fig. 1). Since the basal layer in sebaceous
glands is less well marked than in the epider-
mis and varies from zero to 2 or 3 cells in
thickness, some labeled cells did not lie directly
on the basement membrane.
In the 5 hour specimens labeled nuclei re-
mained in the germinative layer. In addition,
pairs of labeled cells lying close to one another
were observed. At 24 hours more pairs were
seen. Division of a labeled cell into two daugh-
ter cells presumably causes this pairing. In
some cases both labeled cells appeared to be
basal, but in others one cell had begun differen-
tiation (Fig. 2). At 7 and 9 days, when most
labeled cells were centrally located and fully
differentiated with pyknotic nuclei, some
labeled cells remained in the germinative layer.
At 14 days all labeled cells had begun to dif-
ferentiate (Fig. 3). At 21 and 2S days only cen-
tral cells were labeled. At 36 days the sebaceous
glands contained no labeled cells, even though
labeled nuclei persisted in adjacent connective
tissue and hair follicles.
In specimens injected 4 weeks, 2 weeks, and
40 minutes before biopsy removal, cells in
all layers and stages of differentiation con-
tained thymidine-H1. Cells in the sebaceous
gland duct and in the adjacent hair follicle
showed high rates of labeling initially (Fig. 4).
Some external root sheath cells still contained
labels at 36 days.
The ratios of labeled to total cells in various
preparations are listed in Table I. Renewal
time (turnover time) was calculated in four 40
minute specimens by the following formula
(4):
—
(DNA synthesis time)
. (number of cells in the gland)
(number of labeled cells)
Most mammalian cells synthesize DNA for
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Fic. 1. Sebaceous gland 40 minutes after injection of thymidine-118. Note random distribu-
tion of labeled nuclei around periphery (see arrows).
about 7 hours (5). The results (Table II) in- duced equals the total number of cells present
dicate the renewal time varies from 6.5 to 8.0 in the gland. The same formula can be used to
days with an average of 7.4 days. This is the determine the turnover time for the germina-
time in which the number of new cells pro- tive layer alone, substituting the number of
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FIG. 2. Sebaeeous gland 5 hours after injection of thymidine-H3. Note pairing of labeled
cells.
FIG. 3. Sebaceous gland 2 weeks after injection of tbymidine-113. Note labeling in differen-
tiating cells.
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FIG. 4. Sebaceous gland and duct 40 minutes after injection of thymidine-113. Note the
large number of labeled duct cells.
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TABLE I
Cell counts in 13 specimens
Fune Area Total no. ofcells
No. of labeled
cells
Labeled cells*
per 1,000 cells
No. of basal
cells
Basal cells per
100 cellst
40 minutes arm 10,021 448 44.6 6858 68
40 minutes arm 2,112 77 36.5 1,297 62
40 minutes scalp 11,670 406 34.8 8.209 65
40 minutes scalp 3,491 141 40.4 2,020 58
Total at 40 minutes 27,294 1,072 39.3 18,374 67
5 hours scalp 7,919 457 57.7 5,346 68
24 hours scalp 13,988 947 67.6 9,518 68
7 days scalp 5.657 339 60.0 — —
9 days arm 6,882 250 36.4 4,994 73
14 days scalp 13,176 292 22.2 9,660 73
21 days scalp 2,819 99 35.1 1,809 64
28 days arm 2,358 43 18.2 1,693 72
28 + 14 days scalp 4,347 165 38.0 2,629 61
28 + 14 days .-)- 40 scalp 4,950 335 67.7 3,099 63
minutes
* Note that by 24 hours the number of labeled cells nearly doubles and at 9 days the labeling index
falls sharply.
f Note that the percent of basal (germinative) cells did not vary significantly in specimens taken at
different times.
TABLE II
Cell renewal in sebaceous glands
(See text for formula)
Subject
No.
1
2
3
4
Total
(7 X 10,021)/448 = 157 hours = 6.5days
(7 X 2,112)/77 = 192 hours = 8.0days
(7 X 11,670)/406 = 201 hours = 8.4days
(7 X 3,491)/141 = 173 hours = 7.2days
(7 X 27,294)/1,072 = 178 hours = 7.4days
basal cells into the numerator (Table III). The
renewal time for the germinative layer varies
from 4.2 to 5.9 days and averages 5.0 days.
COMMENT
All sebaceous glands studied were associated
with terminal growing (anagen) hairs. No at-
tempt was made to inject the subjects at ex-
actly the same time of day or to correlate
glandular activity with phase of growth of the
accompanying hair. Comparing renewal times
in 4 subjects shows a range from 6.5 to 8 days.
The average renewal time of 7.4 days must be
considered an estimate, and more studies are
Subject
No.
1
2
3
4
Total
(7 X 6,858)/448 = 107 hours = 4.5days
(7 X 1,297)/77 = 118 hours = 4.9 days
(7 X 8,209)/406 = 142 hours = 5.9 days
(7 X 2,020)/141 = 100 hours = 4.2 days
(7 X 18,374)/1,072 = 120hours 5.0 days
being carried out to determine if this is a repre-
sentative value. It agrees with the 7.7 day
turnover time determined in rat sebaceous
glands by the colchicine-arrest method (6). A
similar close correlation exists between turn-
over times in other human and animal epithe-
hal tissues (1, 7, 8). This correlation is remark-
able when one considers the differing absolute
thickness of these layers in different species.
It is also interesting that the turnover time of
the germinative layer (5.1 days) is similar to
that of the germinative layer of human epi-
dermis (6.0 days) (1).
A renewal time of 7.4 days implies that the
TABLE III
Germinative cell renewal lime
(See text)
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average cell differentiates and leaves the gland
in 7.4 days, and indeed the number of labeled
cells falls appreciably between 7 and 9 days
(Table I). All labeled cells at 14 days after
injection were differentiating, and labeled cells
remained at 28 days. Therefore, some cells
must take at least 14 rather than 7.4 days to
complete differentiation and leave the gland.
This suggests that sebaeeous gland cells, like
cells in the epidermis, migrate randomly and
that the connections between cells must fre-
quently break and reform (1). The absence of
labeled germinative cells after 2 weeks may
mean that all labeled cells have differentiated
or else that successive divisions have so diluted
the label that it is no longer visible. The latter
probably takes 3 or 4 divisions (9). In either
ease, it is clear that the daughter cells of the
first mitosis either begin differentiating or di-
vide at least twice more within the next two
weeks. Thus, the persistence of labeled cells for
28 days reflects the random nature of both cell
division and differentiation.
As discussed above, the turnover time of 7.4
days is only an estimate of the rate of cell re-
newal. Examination of the patterns of labeling
reveals a characteristic pattern of new cell for-
mation and migration. This pattern differs from
one current textbook view which holds that
individual acini are doomed to destruction
once differentiation begins in them. The initotic
activity in the undifferentiated cells at their
periphery is largely focal and is related to the
establishment of new acini; it is not a mecha-
nism for replenishing cells lost in secretion
within any one acinns" (10). This suggests
that new acini continually develop, differentiate
and disappear. In our preparations, individual
acini appear to maintain their anatomic and
functional integrity for at least a month. This
view is snpported by the following two obser-
vations:
1. The percentage of basal cells in labeled
sebaceous glands at 40 minutes and at 28 days
after injection is essentially the same (Table
I), suggesting no attrition of these morphologic
cell types.
2. Both peripheral and central labeling oc-
curs in areas injected at 4 weeks, 2 weeks, and
40 minutes before biopsy removal, indicating
that these basal cells must continue to function
as a germinative layer for at least 2 to 4 weeks
in any individual acinus. The steady migration
of labeled cells from the periphery to the center
and then out of the gland suggests that pe-
ripheral mitotic activity is a mechanism for
replenishing cells lost in secretion.
SUMMARY
Intradermal injection of thymidine-113 fol-
lowed by biopsy removal 40 minutes to 36
days later revealed a characteristic pattern of
human sebaceous gland activity. Cells lying on
or near the basement membrane divide, and
daughter cells move centrally, produce lipid,
and undergo nuclear degeneration. The steady
state replenishment from the periphery con-
tinues for at least 2 to 4 weeks. The average
renewal time for the human sebaeeous gland in
the 4 specimens examined is 7.4 days.
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